Thrombomodulin domains attenuate atherosclerosis by inhibiting thrombin-induced endothelial cell activation.
Thrombin modulates the formation of atherosclerotic lesions by stimulating a variety of cellular effects through protease-activated receptor-1 (PAR-1) activation. Thrombomodulin (TM) inhibits thrombin effects by binding thrombin through its domains 2 and 3 (TMD23). We investigated whether recombinant TMD23 (rTMD23) could inhibit atherosclerosis via its thrombin-binding ability. Wild-type mouse rTMD23 and three mutants with altered thrombin-binding sites, rTMD23 (I425A), rTMD23 (D424A/D426A), and rTMD23 (D424A/I425A/D426A), were expressed and purified in the Pichia pastoris expression system. Wild-type rTMD23 and rTMD23 (D424A/D426A) could effectively bind thrombin, activate protein C, and prolong thrombin clotting time, whereas rTMD23 (I425A) and rTMD23 (D424A/I425A/D426A) lost these functions. Wild-type rTMD23, but not rTMD23 (I425A), decreased both the thrombin-induced surface PAR-1 internalization and the increase in cytoplasmic Ca(2+) concentrations in endothelial cells (ECs). Wild-type rTMD23 and rTMD23 (D424A/D426A) also inhibited thrombin-induced adhesion molecules and monocyte chemoattractant protein-1 expression and increased permeability in ECs, whereas rTMD23 (I425A) and rTMD23 (D424A/I425A/D426A) had no such effects. Furthermore, wild-type rTMD23 and rTMD23 (D424A/D426A) were effective in reducing carotid ligation-induced neointima formation in C57BL/6 mice and atherosclerotic lesion formation in apolipoprotein E-deficient (ApoE-/-) mice, whereas rTMD23 with the I425A mutation showed impairment of this function. Wild-type rTMD23, but not rTMD23 (I425A), also markedly suppressed the PAR-1, the adhesion molecules expression, and the macrophage content in the carotid ligation model and ApoE-/- mice. rTMD23 protein significantly reduces atherosclerosis and neointima formation through its thrombin-binding ability.